In this paper, the effects of Mn and Al against corrosion/errosion resistance of three samples of the Fe-Mn-Al austenitic alloys are evaluated. The samples have composition Fe-(4,9 ~ 11,0 wt. (%)) Al-(17,49 ~ 34,3 wt. (%)) Mn-(0,43 ~ 1,25 wt. (%))C, those were prepared in an induction furnace from high purity materials. The alloys were evaluated in a composed solution of NaCl 0,5 M and Silica in a special chamber and AISI 316 stainless steel as reference material. The electrochemical characterization was performed by Tafel curve polarizations technique. This microstructural characterization was by Scanning Electron Microscopy (SEM). It was observed the significant decrease in the corrosion rate for steels Fermanal with a lower percentage of aluminum and manganese under conditions of dynamic corrosion and erosion-corrosion. SEM allows assessment of the dominant damage mechanisms and corroborated the results obtained by electrochemical measurements.
Introduction
Fermanal steels are produced based on the ternary alloy Fe-Mn-Al and stainless steels are produced based on a ternary alloy Fe-Ni-Cr. These kinds of alloys show a great similarity, because both, the chrome and the aluminum form a thin oxide layer which protects the material from a future oxidation. Additionally, both the nickel and the manganese stabilize the austenitic phase. An advantage of fermanal steels is the lower cost and lower density in respect to the conventional steels [1] [2] [3] [4] [5] . In 1987, Binczyk et al. 6 made a study of the microstructure influence on the hardness of the fermanal steels. The microstructure was modified by heat treatments. Those treatments consisted of three stages, solubilisation, quenching and aging. This study concluded that the hardness of the fermanal steels increases with the aluminum content and decreases with the heat treatments, especially if the aging is performed at high temperatures (600 °C and 750 °C). The hardness increases since, the aluminum has an atomic radius bigger than the iron and the manganese 7 . This distortion will be higher if the content of aluminum is higher.
In most of items of industrial processes involves the contact with fluids of different nature, that's why exposed pieces to the action of these fluids may present corrosion process by erosion, reducing quickly its useful life. The corrosion by erosion is the acceleration in the rate of corrosion of a metal due to the relative motion of a corrosive fluid in contact with the metal surface [8] [9] [10] , if in addition the fluid present content of solid particles in suspension tends to increase the erosive effect causing deterioration of the metal.
In wet corrosion has been found that the alloys Fe-Mn-Al have low corrosion resistance in various corrosive media (HNO 3 , 5% H 2 SO 4 , FeCl 3 10% and 40%, 3% NaCl and 50% acetic acid), which has limited their use in industrial applications 2 . For this reason, research has developed by Zhang et al. 11, 12 who have dedicated himself to the study of aqueous corrosion behavior of alloys with addition of dopants Fermanal as Cr. These dopants have a beneficial effect in these alloys. The aim of these researchers has been to provide the best addition to the composition of the alloy (Al-Cr). Establish the dopant and the amount that encourage the best behavior for passivation and other electrochemical parameters obtained during electrochemical measurements, such as fail to target to establish the mechanism of corrosion through knowledge of the corrosion products given environmental conditions, and to determine that these alloys can only be passivated in solutions of 10% to 50% Na (OH) but not in solutions of 3.5% NaCl. As for the investigation of the alloys Fe-Mn-Al in terms of wear and erosion have few references in the literature, highlighting the research undertaken by Her-Hsiung Huang et al. 13 . In this research we studied the behavior of a Fe-Mn-Al solution heat treated and aged in a solution of 3% NaCl aerated. In Colombia, the manufacturing industry, use tools or devices such the pumps which wear out and corrode rapidly due to the operating condition generating high economic costs. To prevent the damage to the components of the pumps, it has been chosen to create its parts with a wide range of materials as stainless steels, nickel, rubber and even the use OI: D 10.1590/S1516-14392012005000179 of hard coating [14] [15] [16] , however, is important to evaluate new metallic materials, especially the fermanal steels. However, despite the important research developed, is not enough the literature information about the corrosion mechanisms and its behaviour in different aggressive media of this alloys series, while it has been tested widely in corrosion conditions under tension and high temperature oxidation 7, 11 . It is proposed with this investigation to study the electrochemical nature of the alloys Fe-Mn-Al (Fermanal) to analyse the chemical response in aggressive media, the erosion phenomenon and erosion-corrosion synergism. This study will allow collecting enough information of the elements Mn and Al, in order to determine the influence of these two alloying elements.
Experimental Details
The chemical composition of the alloys studied in this work is shown in Table 1 . These compositions were prepared from the high purity materials in an induction furnace. The samples were forged at 1100 °C, then it was performed an homogenized sample at 1100 °C for 11 hours and subsequently a laminated until 2.5 mm thick. The alloys were cut to the size of work in each case, with refrigeration by water, cutting machine and after to the annealing at 1100 °C for an hour in an argon tube furnace, subsequently quenching that will be performed at room temperature. Finally, they were cleaned by ultrasonically in an acetone bath and air dried before its use. Additionally, commercial austenitic stainless steel AISI 316L was used as a comparison.
The analysis of the total mass loss by erosion damage as a function of bilayer number was obtained by means of stopping the system at intervals of 10 minutes, with a total time of 2 hours for impact angle 90°. As for the analysis of the erosive, corrosive and erosive-corrosive effects, a device built for the evaluation of chemical attack in metallic materials was used. The erosive-corrosive testing device consists of a tribometer with a glass container for erosive-corrosive storage, one reference and one counter electrode, an acrylic cover that is available in the sample holder and electrodes, a impeller of High Ultra Molecular Weight Polyethylene (HUMWPE) which rests on the teflon shaft that is attached to the main motor shaft that provides fluid motion. The lid of the container allows locating two different samples exposed under angle for corrosive fluid action (90°). The fluid movement is caused by a shaft driver of the motor. The speed motor was fixed to 1930 RPM, the tangential speed applied to the fluid was fixed to 11.12 m/s.
The electrochemical study was carried out with a Gamry unit, model PCI 4 with D.C. signal which generates Tafel polarization curves. These curves were obtained at room temperature using a cell that supports one working electrode within an exposed area (1 cm 2 ), a reference electrode (Ag/AgCl) and a graphite counter electrode in a 3.5% NaCl solution with distilled water. The resting potential was measured during 30 minutes to ensure repeatability of results. The Tafel curves were taken about 2.2 hours in the test, this time was necessary for the anodic and cathodic sweep potentials. Tafel polarization curves were obtained at a sweep speed of 0.125 mV/s within a voltage range from -0.25 V to 0.75 V with an exposed area of 1 cm 2 .
The applied standards in the measurement criteria and the calculations correspond to the ASTM G5 and G59 [17, 18] . In this work, silica (SiO 2 ) was used as an abrasive agent with a particle size between 210 µm and 300 µm. This chemical solution was chosen since it has been shown that it can be used to study steel as it facilities the observation of chemical attack at defined anodic region and chloride addition guaranteed the effective attack. The weight of the work electrode (Ew) for all test was around 55.847 g.mol -1 taking into account the Fe (pure) as reference since this material (Fe) present low carbon content.
To evaluate the erosive phenomenon, it was applied cathodic protection of 1V cathode with respect to the open circuit potential of samples of the austenitic alloys, according to the ASTM G 119-93 [19] standards. This cathodic protection, assures surface damage only by effect of the erosive particles. The specimens were subjected to wear by erosion for a total exposure time of 240 minutes (time of the Tafel tests) at a temperature of 25 °C. In order to determine the weight loss due to the erosion during the immersion in NaCl 0.5 M and Silica particles, the samples were removed from the solution at intervals of 15 minutes, they was cleaned with a jet of water, dried with a hot air, and evaluated on a balance to the nearest 0.1 mg. Finally, the process of surface corrosion was analyzed and the superficial morphology was characterized by using a High-Resolution Scanning Electron Microscope (SEM) (Philips XL 30 FEG). Figure 1 shows the effect of the changes in the electrochemical system on the behaviour of the material with respect to the different regions of the polarization curve. First, it is possible to differentiate the action of the corrosive environment from the predominant type of polarization that occurs in each steel, because it provides an approximation to the type of surface mechanism that acts in each case, in marine environment it is observed from the anodic branch a species of charge transfer polarization, therefore, once it through the potential barrier, it will start the corrosion process of generalized type. From this study, it was obtained that the 316L stainless steel, shows a large displacement to lower corrosion current densities indicating lower susceptibility to the corrosion in the analyzed solution. This behavior can be attributed to the protection degree that generates this type of material, which may generate higher resistance path for the passage of the Cl ion, an analogue behavior is observed for the AF1 alloy, because its values are similar in density and corrosion speed are equivalent to the A Inox specimen. The displacement of the Tafel curves to the negative potential, decreases as the main alloying elements (Mo, Mn, Al, Cr), lies in the nature of the protective layer (passive layer), which act as scattering points, making difficult the migration of the Cl ion from the surface to the metal substrate and delay the onset of the corrosive processes 8 . This leads to the required energy of the ions of the solution to migrate freely from the surface to passive interface layer/substrate. This is higher with the increase in the elements of molybdenum, aluminum and chromium, in the case of the molybdenum, its positive effect is associated with stabilizing the passive film and/or the formation of molybdates and molybdenum oxides, which is reflected in the decrease in corrosion current density and the corrosion rate (Table 2) 9 . Then, under such circumstances, it is appropriate to say that the AFe1 fermanal steel is a material with an electrochemical behavior very similar to the behavior presented by the 316L stainless steel, which can be attributed to the alloying effect of the material with Mo. Figure 2 evaluates the loss of material associated with repeated impacts of solid particles after 240 minutes of test for two types of alloys. It differs clearly the wear severity with respect to the variation of the alloy fermanal in the normal angle condition. This type of wear is the result of successive impact of abrasive particles with a maximum linear velocity of 11.12 m/s on the surface of the material. In the erosion weathering is generated a phenomenon of transfer energy where the kinetic energy of the particle is involved with a maximum of 5.466 mJ, over the entire surface, in shock action on a metal surface that responds absorbing this amount of energy in terms of their resilience and toughness is possible to understand how the stainless steel is not affected to a greater extent by such attack. In this condition, it shows that erosion losses in the AFe2 fermanal steel reduce with respect to the AFe3 steel taking into account the trend shown in normal angle where the dynamic curves of wear had very close values; this effect presume that the fermanal steel alloyed with Si, Nb and V (transition elements), are strong carbides formers. These these elements are added to the fermanal alloys in order to reduce the detrimental effect of the chromium carbide precipitation and the subsequent sensitization to the intergranular corrosion and surface hardening increase. In the case of the AFe1 steel, it can clearly determine that the wear kinetic is analog to that shown by the stainless steel, which allows to set up to this fermanal steel, alloyed with molybdenum as a tough enough material for similar applications to those simulated in the rotary cylinder configuration in a normal angle under a entire wear mechanism despite that the failure mechanism in these cases is due to the cracking of the surface because the impact force of the particles is normally applied delivering to the surface all the kinetic energy.
Results and Discussion
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In relation with the anodic polarization curves in Figure 3 , it shows the erosion-corrosion synergy in the aggressive environment. The synergy is a major factor in the severity of induced mechanical wear. It implies that the phenomenon could become additive. It means, that the corrosive electrochemical phenomenon would be the dominant in the marine environment. This aggressive effect of the environment is attributable to the action of the chloride ion which promotes further corrosion pitting on the material surface to propagate by the incessant impact of the particles ranging in size from 210 µm and 300 µm causing the release of the material in the non passivated areas, transfer in the hardened layers of the surface. This phenomenon is more evident in AFe2 and AFe3 materials. In general and as expected, the materials under study have an increase in the activity, especially of the corrosion current density when it is subjected to an environment under dynamic conditions in particular under the action of erosive particles. It is observed that the modification of the mechanical condition of the environment, such as the fluid impact and the erosive particles at certain attack angles, leading to a slight change of corrosion potential for the AFe1 steel, because the effect of the agitation of the environment by the dissipation of energy in it, while at the same time it shows an increase in the corrosion current density effect of the particles attack and the subsequent generation of widespread corrosion points. It should be mentioned that stainless steel in notable for its very stable corrosion potentials as environmental conditions change, it is an effect that is not apparent in fermanal alloys, which show an evident thermodynamic increased of the activity in the dynamic environments, not however, AFe1 fermanal steel generates a density and corrosion rate in narrow ranges similar to those shown by the stainless steel which is an important aspect in engineering applications where the changing environmental conditions of work require that the material is sufficiently stable thermodynamically to compensate these changes without incurring in loss of resistant area of the material which is closely related to the applied stress. The data shown in Table 3 indicate a low electrochemical performance to the dynamic corrosion (Table 2) , due to the erosion-corrosion generates decrease in the potential and corrosion density. Figure 3 indicate that the metal is removed from the surface because the silica abrasive particles generate a type of wear that subsequently removes some of the material due to corrosive effect in ionic form or as solid corrosion products. In general, the data (Table 3) show a good performance of all the studied steels in comparison to stainless steel when those are subjected to corrosive phenomena. Nevertheless, when these steels are subjected to corrosive-erosive flow, the passive film formed usually on the surface is eliminated and removed by the action of hard particles, leading to loss of corrosion protection. The corrosion for its part reduces the resistance of these steels on the surface for the attack of the particles thus favoring the increase in corrosion rate compared to the dynamics corrosion (Figure 1 ). Figure 4 shows the SEM micrographs of the surface characteristics of fermanal and 316L stainless steels then to the process of erosion corrosion impact angles of 90°. According to Figure 4a , b, part of the specimens has been damaged by the dynamic corrosion effect. Additionally, the coating cracking wear is displayed. Figure 4c, d , it is distinguished a central area characterized by the corrosion action and the cracking of the coating produced by the impact energy of the abrasive particles of silica. Gray areas suggest protective effect has generated defense mechanism with areas of low cracking. By subjecting the surface of the fermanal steels and stainless steels to erosion-corrosion it is notable the modification of the surface for an impact angle of 90° degrees showing faint traces on surface of material. Figure 4b shows the micrographs by formation of localized corrosion which begins to spread over much of the surface. In this case, the eroded surface is very similar to those shown over stainless steel. For AFe2 steel under the action of the marine environment can be seen that the steel surface show areas of generalized corrosion, which has spread across most of the surface, while being subjected the surface to the erosion it is observed a significant damage in the normal angle condition, causing a rough morphology. Both mechanism in synergy, are responsible for a surface with an evident deterioration of material, as in the case of 90° degrees angle where there are traces of mechanical removal of material. The AFe3 steel shows a bigger erosive phenomenon than in the previous cases, it is reflected in a rough surface and slightly texture in the direction of impact of the particles. Also are observing a surface with clear signs of mechanical wear with, deeper traces and greater surface roughness.
SEM observation of tested specimens
SEM micrographs shows the AFe3 and AFe2 fermanal steel have formation primary oxides in to the lower proportion that fermanal AFe1 steel. The high losses are due to the erosion-corrosion of this material in the marine environment, generated an unstable oxide film, owing to a low coefficient passivation the Manganese. Similarly, we observe that the action of the environment has led to the formation of some Mn-Fe and Fe-Al spinels, which due to its compact and stable structure can generate surface protection to the phenomenon of electrochemical deterioration when it is combined with the erosive phenomenon.
Conclusions
The results of the potentiodynamic anodic curves show that the austenitic stainless steel and AFe1 alloys have an excellent electrochemical behaviour and for the AFe2 and AFe3 steels is good in conditions of dynamic corrosion. Under condition of normal attack angle, it is observed that the steel samples AFe2 and AFe3 are more active while AFe1 steel samples have a noble behavior. For the types of steels evaluated is deduced an anodic behavior represented by a continuous anodic dissolution phenomenon.
In this work, it was noted that the decrease in wear rate is in relationship to an enhancement in the mechanical properties generated by the absorption and distribution of the impact. In the mechanism of synergy of erosion corrosion showed that the AFe3 and AFe3 steels have increased activity, especially the corrosion current density when they are subjected to dynamic conditions in particular and additionally to the action of erosive particles. 
